Introduction
Lmo2776 specifically targets Prevotella in mouse and human microbiota 140 In order to identify which intestinal bacteria were targeted by Lmo2776, we compared 141 microbiota compositions of conventional mice orally infected with WT or lmo2776 strains by 142 16S rRNA gene sequencing. We first verified that the fecal microbiota composition of all mice 143 was indistinguishable at day 0 (Figure 2A) . As expected, the microbiota composition at day 1 144 post-infection was dramatically altered by infection with Listeria WT (Figure S3A) . These (Figure S3B to E) . The increased levels in the Firmicutes were mainly due to an increase of 149 the Clostridia class (relative abundance before infection: 27.4% and at day 1 post-infection: 150 50.7%). Of note, the relative abundance of Listeria was around 0.1% and cannot therefore 151 explain by itself the increased levels of Firmicutes observed between day 0 and day 1. 152 Importantly, at 24h and 48h post-infection, intestinal microbial community compositions 153 differed in mice orally inoculated with the lmo2776 strain compared to the WT strain ( Figure   154 2A). We focused on operational taxonomic units (OTUs) for which the relative abundance was 155 identical before the infection with the Listeria strains (day -3 to day 0) and was subsequently 156 altered by at least a 2-fold difference at day 1 post-infection in mice infected with lmo2776 157 compared to mice infected with WT strain. In independent experiments, the relative abundance 158 of 12 OTUs was lower in mice infected with the WT strain compared to the lmo2776 mutant 159 (Figure 2B and C) (OTU 355746, 216524, 421792, 258849, 331772, 346870, 430194, 447141, 160 465433, 208409, 353012 and 364179) at day 1 and also at day 2 post-infection. Phylogenetic 161 analyses revealed that all these 12 OTUs belong to the Prevotella cluster ( Figure 2D) . A 162 decrease of Prevotella in mice infected with WT strain at day 1 and day 2 post-inoculation 163 compared to mice infected with lmo2776 strain was also observed by qPCR analysis, using 164 primers specific for Prevotella, confirming that Lmo2776 targets Prevotella in the intestinal 165 microbiota (Figure 2E) . 166 Important differences exist between mouse and human gut microbiota composition. Indeed,
167
Prevotella abundance is known to be low in the mouse intestinal content (less than 1%) while 168 it can reach up to 80 % in the human gut microbiota (32, 33). As Listeria is a human pathogen, 169 we searched to investigate the impact of Lmo2776 on human intestinal microbiota. For this 170 purpose, we used a dynamic in vitro gut model (mucosal-simulator of human intestinal 171 microbial ecosystem (M-SHIME ® )), which allows stable maintenance of human microbiota in 172 vitro, in the absence of host cells but in presence of mucin-covered beads (34-37) and therefore 173 studies on human microbiota independently of the host responses (such as inflammation). The 174 microbiota of a healthy human volunteer was inoculated to the system which was then infected 175 with WT or lmo2776 Listeria. Application of 16S sequencing to luminal and mucosal M-176 SHIME ® samples indicated that before Listeria inoculation, the bacterial composition in all Prevotella copri species (Figure 3C) , revealing that Lmo2776 targets P. copri in the human 185 microbiota in a host-independent manner.
186
As short-chain fatty acid (SCFA) levels serve as a classical read-out for gut microbiota 187 metabolism and as Prevotellae are known to produce propionate (38), we quantified SCFAs 188 production in the luminal M-SHIME ® samples. A specific decrease in propionate production 189 upon infection with WT bacteria was observed as early as 6h post-infection ( Figure 3D ) 190 compared to non-infected and lmo2776-infected vessels. This difference was continuously 191 observed up to 3 days post-infection, while no significant difference was observed for butyrate, 192 isobutyrate, acetate and isovalerate ( Figure S4) . Although propionate is produced by many 193 bacterial species, the decrease in propionate production observed upon inoculation of M-194 SHIME ® with WT Listeria is in agreement with the decrease in Prevotella population.
196
Lmo2776 targets P. copri in vitro 197 We first addressed the direct inhibitory activity of Lmo2776 on P. copri by growing P. copri at Figure 3G) . Moreover, Lmo2776 peptide did not inhibit the growth of seven other Prevotella 211 species (P. salivae, P. oris, P. nigrescens, P. pallens, P. corporis, P. melaninogenica and P. 212 bivia). We next tested the peptide activity on 7 P. copri isolated from healthy humans and 213 patients. Strikingly, 6 out of the 7 strains were sensitive to the bacteriocin (Figure 3G ). 214 We also tested the effect of the Lmo2776 peptide on known targets of the bacteriocins of the that targets both P. copri and B. subtilis in vitro. 223 To evaluate the effect of the Lmo2776 peptide in vivo in animals, we used an approach 224 previously described to bypass degradation by enzymes of the upper digestive tract.
225
Conventional BALB/c mice were inoculated intra-rectally with Lmo2776 peptide or water, 226 taken as a control. Levels of total bacteria, Prevotella and Akkermansia muciniphila were 227 determined by quantitative PCR on feces collected between 1 and 4h post-administration. While 228 no effect was observed on the levels of total bacteria or A. muciniphila, fecal levels of P. copri 229 decreased following administration of Lmo2776 peptide, demonstrating that similar to bacteria,
230
Lmo2776 alone was effective in reducing P. copri in vivo (Figure 3H ). the number of P. copri significantly decreased in WT inoculated P. copri-colonized animals 250 compared to lmo2776-inoculated animals (Figure 4C) . Altogether, these results indicate that 251 the greater ability of the lmo2776 mutant to grow in the intestine and reach deeper tissues 252 compared to the WT strain is dependent on the presence of Prevotella in the microbiota, as it is 253 observed in either conventional mice or mice colonized with P. copri. 254 255 P. copri modifies the mucus layer and its permeability 256 The intestinal mucus layer of conventional animals forms a physical barrier of about 30µm that 257 is able to keep bacteria at a distance from the epithelium (40). A mucus-eroding microbiota 258 promotes greater epithelial access (41). Prevotella, through production of sulfatases that induce 259 mucus degradation (42), might impair the mucosal barrier function and therefore contribute to 260 better accessibility to intestinal epithelial cells and to local inflammation. We thus compared 261 the mucus layer thickness of conventional mice infected with WT Listeria or lmo2776 by 262 confocal microscopy, using mucus-preserving Carnoy fixation and FISH (43). The average 263 distance of bacteria from colonic epithelial cells was significantly smaller in mice infected with 264 lmo2776 compared to mice infected with WT Listeria at 24 and 48h (Figure 4D and E) , 265 suggesting that Prevotella present in the microbiota of mice infected with lmo2776 decreases 266 the mucus layer thickness and consequently increases its permeability. Of note, these distances 267 were also smaller than in uninfected mice, indicating that Listeria infection by itself can affect 268 the mucus layer thickness. To confirm the effect of P. copri on mucus layer in the context of 269 listerial infection, germ-free C57BL/6J mice were precolonized with P. copri, B. 270 thetaiotaomicron or P. salivae, then orally inoculated with WT Listeria or lmo2776 strains 271 and mucus layer thickness was analysed by FISH. In mice precolonized with P. copri, the 272 average distance of bacteria from colonic epithelial cells was significantly smaller in lmo2776-273 infected mice compared to WT Listeria-infected mice (Figure 4F and G) . Strikingly, such 274 difference was not observed in germ-free mice or in mice precolonized with P. salivae or B. 275 thetaiotaomicron, revealing that mucus erosion is dependent on P. copri. 276 Since disruption of the mucosal barrier by Prevotella could favour invasion of the host by 277 bacteria and contribute to intestinal inflammation, we quantified faecal lipocalin-2 (LCN-2) as 278 a marker of intestinal inflammation (44). LCN-2 is a small secreted innate immune protein 279 which is critical for iron homeostasis and whose levels increase during inflammation. Faecal 280 LCN-2 levels were thus analysed after colonization of germ-free mice with P. copri compared 281 to non-colonized mice or mice colonized with B. thetaiotaomicron. A significant increase of 282 faecal LCN-2 was observed in germ-free mice monocolonized with P. copri compared to non-283 colonized animals or to animals monocolonized with B. thetaiotaomicron (Figure 4H) , 284 revealing that P. copri induces intestinal inflammation. Altogether, these results showed that 285 presence of Prevotella in the intestine is associated with a thinner mucus layer and increased 286 levels of faecal LCN-2. They are consistent with previous reports describing Prevotella as a 287 bacterium promoting a pro-inflammatory phenotype (1, 6, 45) . 
308
Here, we demonstrated that the Lmo2776 Listeria bacteriocin targets Prevotella in mouse and 309 in in vitro reconstituted human microbiota. This effect is direct and specific to P. copri as (i) P. homeostasis (53). P. copri increases the mucus layer permeability and increases propionate 320 concentration and levels of fecal LCN-2, in agreement with previous studies reporting that P. 321 copri exacerbates inflammation (6, 45). In addition, Prevotella enrichment within the lung 322 microbiome of HIV-infected patients has been observed and is associated with Th17 323 inflammation (54). Prevotella sp. have also been associated with bacterial vaginosis and their 324 role in its pathogenesis has been linked to the production of sialidase, an enzyme involved in 325 mucin degradation and increased levels of pro-inflammatory cytokines (55, 56). Our data 326 strongly indicate that P. copri, by modifying the mucus layer permeability and changing the gut 327 inflammatory condition, promotes greater epithelial access and therefore infection by Listeria 328 (Figure 4I) . We can speculate that individuals with high abundance of intestinal Prevotella 329 might be more susceptible to enteric infections. Interestingly, it was recently shown that 330 subjects with higher relative abundance of P. copri could be at higher risk to traveler's diarrhea C WT D Cplt 10 0 10 1 10 2 10 3 10 4 10 5 10 6 10 7 10 8 10 9 10 1 0 liver CFU/liver WT D p2776 D WT D 10 0 10 1 10 2 10 3 10 4 10 5 10 6 10 7 10 8 intestinal content CFU/mg content WT D NS E CFU/spleen WT D 10 0 10 1 10 2 10 3 10 4 10 5 10 6 10 7 10 8 10 9 spleen NS WT D F CFU/liver WT D 10 0 10 1 10 2 10 3 10 4 10 5 10 6 10 7 10 8 10 9 liver WT D germ free mice conventional mice 
